The photoemission from solid surfaces into gas is important in view of the application of solid photocathodes in fast-RICH devices. The photoemission from CsI into gas has been investigated in He-, Ar-and CH,-based gas mixtures as a function of the electric field at the photocathode surface. Measurements were made both in laboratory, with a UV source, and in a beam with a RICH detector. The results are interpreted in terms of current models of electron transport in gas. The electron collection efficiency, below gas ionization threshold, is reduced by backscattering. This phenomenon is particularly important in He-based gas mixtures. In CH, and Ar/CH, mixtures the backscattering is very low. At high electric field, under charge multiplication, a full collection efficiency, similar to that in vacuum, is obtained in all gases investigated. We discuss the parameters governing the choice of the gas mixture in this kind of photon detectors.
Introduction
In recent years there has been a growing interest in UV-photon detectors combining solid photocathodes, in particular CsI, with gaseous photoelectron multipliers [I] .
The importance of surface photoemission, as opposed to conversion in gas, is the fast timing and improved localization. The detectors have a reduced sensitivity to ionizing background and therefore a very low occupancy. This is of great importance in high multiplicity environment.
The CERN RD26 Collaboration is currently investigating the feasibility of operating large area CsI-based RICH counters. Potential applications foreseen are for example at the LHC-ALICE and the GSI-HADES experiments. Systematic investigations on UV-detectors combining large area CsI-coated pad electrodes and atmospheric pressure MWPCs have shown very satisfactory results, in terms of UV-photon detection efficiency and localization properties [2, 3] . Since the particle identification capability of RICH devices is closely related to the number of photons detected per Cherenkov ring, efforts have been made on the one hand to optimize the photocathode production technique and on the other hand to understand the photoemission process [4, 5] .
It has been noticed in the past that, unlike the case of emission from a solid surface into vacuum, the collection efficiency of photoelectrons emitted into gas depends on the gas composition and pressure [6-Q. Indeed, it is affected by the elastic backscattering of electrons on gas molecules. In noble gases and in some hydrocarbons, this effect considerably reduces the detector quantum efficiency. Recently, it has been recognized that the backscattering process is noticeably reduced under high electric fields at the photocathode vicinity, namely, under gas multiplication [9] . It has been demonstrated that, in such conditions, the photoelectron collection efficiency in a variety of gases can reach that of vacuum [9.10] . Indeed, the large mass difference between elastically scattered electrons and gas molecules determines a wide range of scattering angles, with a small energy transfer per collision. Below ionization threshold, the backscattering effect is therefore more pronounced, in particular in noble gases, where the elastic cross section largely exceeds the inelastic one, because of the lack of vibrational and rotational levels. Above the ionization threshold, the majority of collisions involves large energy losses; the electrons produced in these ionizing collisions are of low energy and they follow the accelerating electric field without backscattering. * Corresponding author.
In the present article, the electric transport process in the the validity of the backscattering hypothesis. We discuss also the relevant role of the choice of gas in LJV-photon detectors for RICH.
Summary of experimental procedures and results
A detailed presentation of experimental setup, measurement procedures and results is given in Refs. [9, 10] . The dependence of measured CsI photoemission into gas media on the gas nature and pressure and on the electric field at the photocathode vicinity was studied both in laboratory, with a UV source, and in a beam, with a RICH detector. He-, Ar-and CH,-based mixtures, with some quencher (CH, or i-C,H,,,), were studied in the pressure range of 200-800 Torr.
In the UV tests two different experimental procedures were used: with the single pulse counting technique, the intensity of a pulsed discharge HZ lamp was adjusted to provide single photons and the photoelectrons extracted from a CsI photocathode were detected and counted by a detector made of a 2-stage PPAC (parallel plate avalanche chamber) coupled to a MWPC; with the DC current recording technique, the photocurrent induced by a continuous flux Hg(Ar) lamp (emission peak at 185 nm) was measured directly on the CsI photocathode.
The single pulse counting technique allows the variation of the field at the vicinity of the CsI surface while maintaining the pulse detection efficiency, so that we can compare the photoelectron collection efficiency measured at low electric fields, under "charge collection mode", to the one observed in high electric fields, under "charge multiplication mode". In the DC current recording, an absolute evaluation of the photoelectron collection efficiency is obtained by the ratio of the photocurrents measured in gas to that measured in vacuum, where the backscattering effect is absent.
In He/CH, (95/5) and He/i-C,H,,, (9515) the measured photoemission by pulse counting in the charge collection plateau is about 60% less than that in the charge multiplication plateau (Figs. la and lb). The photocurrent measured in DC mode in the same gas mixtures, below the multiplication threshold, is reduced by the same factor with respect to vacuum (Fig. 2) . Therefore, we deduce that at high electric fields, above a gas amplification of 100, the same photoyield as in vacuum is obtained.
In CH, and CH,Ii-C,H,, (95/5), in the charge collection mode, the photoelectron collection efficiency, derived from the pulse counting, is about 90% of the value in the multiplication mode ( factor estimated with the single pulse counting technique. These experimental evidences support the assumption that gas effects on the photoelectron collection efficiency are suppressed under charge multiplication [9, IO] .
Ar-based mixtures were studied only with the DC current recording technique. The photocurrent ratio at the end of the charge collection plateau is -0.9 in Ar/CH, (80/20) and -0.7 in Ar/i-C,H,, (80/20) (Fig. 3 in Ref.
[IO]). In Ar/CH, (50150) the photoelectron collection efficiency approaches that in pure CH, (Fig. 4) .
A good verification of the laboratory measurements comes from a RICH detector operated with some of the gas mixtures used in the laboratory UV test (Table 1 ). In the case of RICH, the photoelectron collection efficiency is estimated by the ratio R,, of the average number of photoelectrons detected per event in the various gas mixture to that in pure CH,. Indeed the best performances were obtained with this gas, used for normal operation of the RD26 RICH prototype, as foreseen by the laboratory measurements. For comparison the same ratio R, is calculated for the collection efficiencies obtained in laboratory and shown in the table. The average value of E/p at the photocathode surface of the MWPC of the UV-RICH detector. corresponding to the voltage set on its electrodes, was evaluated with the GARFIELD program.
Monte Carlo simulation scheme of photoelectron transport in gas
The Monte Carlo program was implemented in order to reproduce the results obtained with the current recording technique, simulating the photoelectron transport process from the photocathode to the anode, in the same gas mixtures and E/p values used in the measurements. Input parameters are: mixture composition, electric field, gas pressure and temperature and the maximum electron energy (tax). E,,, is the only adjustable parameter; its value depends on the electron energy distribution function in the gas mixture and it should be large enough to avoid significant cuts of the high energy tail. Table 1 The ratio R,, of the average number of photoelectrons per event, detected with RICH in a given gas mixture, to that in CH,, at 1 atm; the ratio R, of the photocurrent induced by 185 nm photons in the laboratory measured in a given gas mixture to that measured in CH,. Also given is the reduced electric field at the photocathode surface, in the RICH measurements Gas mixture with E, = 0.1 eV, the CsI electron affinity, and ES,,,, the randomly generated photoelectron emission energy.
The electron path and the physical variables are sampled at random time intervals in accordance with the null collision method that provides an efficient stochastic choice of the sampling time t, [14] . t, is defined by the relation:
where Y' is a value of the collision frequency, larger than the maximum real collision frequency and mdm is a random number uniformly distributed in [O, I] ; therefore a number (v' -4~)) of collision per unit time should result to null, leaving unchanged the electron energy and position. The outcome of each collision is determined by comparison of random numbers to the collision frequencies Y(E), calculated according to the formula [15] :
where $/2c/m, is the electron velocity corresponding to the energy E, N is the number of mixture components, Go is the elastic cross section of the kth component, n, is its number density and (a,),(e) is the cross section for its ith inelastic process. The gas cross sections are extracted from the MAGBOLTZ program [ 161, while the electron energy and position are updated according to the classical dynamics of collision in an electric field. The interactions taken into account are: momentum transfer, excitation of electronic levels, excitation of vibrational levels, molecule dissociation, ionization, attachment.
In our scheme the photocathode and the anode lie in the xy plane, at z = 0 mm and z = 3.2 mm respectively, while the eIectric field is parallel to the z axis. In our simplified model, a photoelectron is considered backscattered, and thus not detected, when its z coordinate becomes negative and is detected when it reaches the anode (z 2 3.2 mm) or ionizes a gas molecule, since the chance that both the primary photoelectron and secondary electron are diffused back is negligible. Each backscattered electron is assumed to be absorbed at the photocathode surface and interactions with adsorbed gas molecules are neglected. For the sake of simplicity the elastic scattering is considered isotropic, the avalanche multiplication is stopped at the first ionization and no secondary processes are taken into account. At each set of experimental conditions, 1000 photoelectrons are generated and the percentage of those detected is to be compared directly to the ratio of gas to vacuum measured photocurrents.
Simulation results and discussion
The results of Monte Carlo simulations for some of the investigated mixtures are shown in Figs. 2, 3 and 4 together with the respective measured gas-to-vacuum photocurrent ratios. The agreement between simulations and measurements results is satisfactory and the behaviour of the different gas mixtures is fairly well reproduced. As a consequence, we may attribute the major part of the reduction of photoelectron collection efficiency, observed in the investigated gas mixtures, to the backscattering phenomenon, which is the only one considered in our simplified model of electron transport.
The fractional energy transfer in an elastic collision is given by the well known relation [15] :
( 1 -cos(8)) ,
where m and M are respectively the electron and gas molecule masses and 0 is the scattering angle referred to the electron trajectory just before the impact. Due to the large mass difference, the energy loss per collision is very small, resulting in a wide range of scattering angles and in a high probability that some photoelectrons, backscattered towards the photocathode, will not be detected. In inelastic collisions the electron direction of motion is only slightly perturbed.
A. Di Mauro et al. I Nucl. Instr. and Meth. in Phw. Rex A 371 (1996) Therefore, in the framework of this simple model, the photoelectron collection efficiency is determined primarily by the ratio of elastic and inelastic collisions: the larger is the rate of inelastic collisions the lower is the backscattering probability. In the charge multiplication region, above the ionization threshold of the gas, the collection efficiency is close to the vacuum value due to the opening of several inelastic channels. This is true in all gases. In charge collection mode, at low electric field, the photoelectron collection efficiency depends strongly on the particular gas mixture: helium has its first excitation energy at 19.82 eV and ionization threshold at 2459eV, so in He-based gas mixtures. inelastic collision frequencies, under charge collection, are much smaller than elastic ones (Fig. 5 ) and the photoelectron backscattering reduces the collection efficiency to 40% of the vacuum value (Fig. 2) .
In hydrocarbon gases (CH, and i-C,H,,,) the presence of rotational and vibrational levels determines higher inelastic collision frequencies even at very low electric fields (Fig. 5 ) and the backscattering effect is almost suppressed, thus generating a photoelectron collection efficiency of about 90% of the vacuum value (Fig. 3) .
Ar-based mixtures show a better collection efficiency than the corresponding He-based mixtures (Fig. 4) . A possible reason can be the lower thresholds for excitation and ionization of Ar (11.55 and 15.7 eV, respectively) as well as the higher percentage of quenchers added to Ar.
Conclusions
It has been confirmed that the photoelectron collection efficiency in gas media can be reduced, with respect to vacuum. by the elastic backscattering from the gas molecules, depending on the gas nature and the E/p value at the photocathode surface. At low E/p values there is a striking evidence of this effect in He-based gas mixtures due to the lack of inelastic channels for electron-molecule interactions. At higher E/p values the opening of excitation and ionization channels reduces the backscattering effect and the photoemission yield is close to vacuum values. In CH,-based mixtures, where inelastic collisions are possible even at low photoelectron energies, the photoemission yield is practically independent of the field and reaches the vacuum values at low E/p and at atmospheric pressure. Therefore CH, and CH,/i-C,H,,, (95/5) seem to be the best candidates for the operation of UV-imaging gaseous detectors with a photoelectron collection efficiency almost free of backscattering effects and an effective quantum efficiency (QE) close to the intrinsic photocathode QE. A further improvement of the collection efficiency can be obtained by choosing the geometry of the gaseous detector such that the electric field at the photocathode surface corresponds to a gas gain above 100.
The behaviour of Ar-based gas mixtures, similar to that of pure hydrocarbons, has a direct consequence on the design of CsI-based wire chambers for Cherenkov photons imaging in RICH, especially in large systems where the safety regulations impose a reduction of the amount of flammable gas. However further investigations are needed in order to tune the type and the exact amount of quenchers to be added in order to reduce the well known background originating from the scintillation of Ar.
In this article we treated the photoemission from Cxl into gas media. It should be noted that the results are more general and are applicable to the emission from any solid photoconvertor into gas.
